Crime appears to be transmitted through families. This article evaluates biogenetic and sociological interpretations in the light of evidence drawn from a prospective longitudinal study. Subjects for the study came from a larger investigation of males who had been in a program designed to prevent delinquency. At the time of their introduction to the prevention program, the boys ranged in age from five to thirteen. Although the treatment program failed to better the lives of its charges, it left a legacy of carefully documented case materials that are used here to examine interacting effects of biological and environmental conditions that appear to promote or retard transmission of aggressive antisocial behavior. The evidence suggests that aggressive models promote criminality and that maternal behavior can reduce the probability that a son will imitate a criminal father.
I. INTRODUCTION
Studies of delinquency are peppered with reports that crime runs in families. Aggressiveness and criminality among the parents of delinquents have been reported in Canada, the United States, idence contradicting the suggested relationships as links appears as credible as supporting evidence. 12 Unfortunately, efforts to understand how the environment interacts with biological differences in the production of crime have received little more than lip service. 1 3 Genetic studies rarely include direct measures of environmental effects. Furthermore, the most commonly used measure of heritability, h 2 , devised by Falconer, t4 assumes the equivalence of environmental variance for monozygotic and dizygotic twins and additive effects. Both assumptions are dubious.
Several studies show that differential attractiveness influences interactions.' 5 Dizygotic twins will be differently attractive in larger measure than are monozygotic twins and therefore, dizygotic twins are likely to be exposed to greater variation in environment.
A study of 300 children of unwed mothers 1 6 offers data suggesting an interactive effect between environment and heredity. In this study, the children were adopted within days of birth, and the adopting mothers did not know the psychological status of the biological mothers. The researchers correlated the scores for the biological mothers' emotional stability, based on an MMPI administered prior to giving birth, with the behavior evaluations of Rather than address issues about how biological factors influence behavior, socio-biological research has typically attempted to answer the question "how much is inherited?" Answers to that quantitative question will vary under different circumstances. Understanding how the interactions occur, however, should transcend particular circumstances.
A common genetic approach to assessing environmental impact can be described (albeit crudely) as one which assigns to environment what remains after identifying biological impact. Such an approach, however, ignores the role of environment in realizing genetically determined characteristics. Thus, for example, the most elegant Rex Begonia will not grow without sufficient shade, warmth, and moisture. These environmental requirements for Rex Begonia, though critical, could not be detected through strategies based on "subtracting out" genetic effects from studies of healthy plants.
Further, the genetic approach to assessing environmental impact overlooks the fact that some types of environments have more impact than others. For example, Peperomias are practically immune to differences in light but can be quickly killed through too much watering, whereas sunlight is crucial for the growth of Gladiolus. Hybridizers who popularized rhododendrons and azaleas in the United States combined manipulation of genetic differences with knowledge of appropriate environments to produce at least 1400 varieties of hardy blooming plants.' 7 It seems unlikely that the interplay between genetics and environment would be less complex for human behavior.
Criminality within families could be a function of socialization practices more commonly found among families with a criminal heritage than among those without such heritage. Some differences in socialization practices could be produced through biological differences. Impatience, high activity level, and ready boredom are likely to have an impact on how a parent reacts to child rearing. Further- more, no a priori grounds exist for assuming that similar socialization techniques will have similar results with children who have inherited different potentialities for aggressiveness. Regardless of the theoretical grounds for expecting differences, it would be wise to look for interactions between inherited and environmental conditions to understand the production of criminal behavior.
The present investigation assumes the possibility that some form of criminal diathesis can be genetically transmitted. As a preliminary approach to understanding the transmission, socialization practices of families in which fathers have criminal records are compared with families in which the fathers are not criminal. The analyses then turn to two questions: What child rearing characteristicsadded to or interacting with a transmitted potentiality-promote the criminal behavior? And conversely, are there particular practices that serve as protective factors?
II. METHOD
Subjects for the study came from a larger longitudinal investigation of males who had been in a program designed to prevent delinquency. The delinquency prevention program included both "difficult" and "average" youngsters living in deteriorated urban areas of eastern Massachusetts. To permit evaluation of the program, boys in the treatment group had been matched to others from similar neighborhoods and families prior to intervention. At the time of their introduction to the prevention program, the boys ranged in age from five to thirteen (M= 10.5, S.D.= 1.6). Although the treatment program failed to better the lives of its charges, it left a legacy of carefully documented case materials.
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Approximately twice a month between 1939 and 1945, counselors visited the homes of 253 boys from 232 families. The counselors appeared at various times of day and throughout the week to help the boys and their families. After each encounter, the counselors filed a detailed report that included conversations and described behavior. Covering a span of more than five years, these running records reveal the texture of family life. To avoid counting particular constellations of families more than once, this study used only one child per family in the analyses. Additionally, 18 families in which the biological father could not be rated were dropped from the analyses.
In 1957, coders-who had no access to information about the subjects other than what was in the treatment records-transcribed information from the case records into categorical scales describing the parents, the boys, and family interaction.' 9 The present study used these categorical scales, 'dichotomized, to investigate the impact of socialization practices.
To estimate reliability of the coding, a second rater independently read a 10% random sample of the cases. The Scott Interrater Reliability Coefficient, Pi,20 was computed to indicate relative improvement over chance agreement between two raters. 2 ' Inter-rater agreement as reflected in Scott's estimate of improvement over chance ranged from 0.55 with 80% agreement on parental conflict to 0.92 with 96% agreement, regarding family structure.
As part of the selection process in 1938, neighborhoods were rated in terms of delinquency rates, availability of recreational facilities, and proximity to bars, railroads, and junk yards. The variable describing neighborhood contexts was dichotomized to differentiate between those in the "worst" areas, those dominated by bars and debris, and the rest.
To identify alcoholic fathers, information from the case records was combined with information from the fathers' criminal records (which had been gathered in the late 1930's aind again a decade later). A father was considered an alcoholic if he lost jobs because of drinking, had marital problems attributed primarily to excessive drinking, received treatment for alcoholism, had been convicted at least three times for public drunkenness, or if welfare agencies repeatedly noted that heavy drinking was the source of his problems. By these criteria, almost one-third of the fathers were alcoholics.
Fathers were coded as absent if for at least six months prior to the boy's seventeenth birthday, the boy's domicile was not the same as that of the father. This criterion resulted in identifying the fathers of 74 boys in the study as absent.
A rating of parental conflict was based on counselors' reports of disagreements about the child, values, money, alcohol, or religion. Ratings could be "no indication," "apparently none," "some," or "considerable." Parents were classified as evidencing or not evidencing considerable conflict.
If frequent, noncritical interaction occurred between the mother and her son, then the mother's attitude toward her son was classified as "affectionate." Alternative classifications were "passively affectionate" (concerned for the boy's welfare, but little interaction); "passively rejecting" (unconcerned for the boy's welfare and interacted little); "actively rejecting" (almost constantly critical of the boy); "ambivalent" (marked alternation between affection and rejection of the child); and "no indication."
How a mother reacted when faced with problems determined the mother's self-confidence rating. If she showed signs of believing in her ability to handle the difficulties, then she was rated as self-confident. Alternative ratings were "no indication," "victim or pawn," and "neutral."
Maternal restrictiveness was rated as "subnormal" if a mother permitted her son to make virtually all his choices without her guidance. Alternative ratings were "no indication," "normal" and "overly restrictive." Supervision described the degree to which a boy's activities after school were governed by an adult. Supervision could be rated "present," or alternatively, "sporadic," "absent," or "no information."
The mother's discipline was classified both by type and by consistency. Punitive discipline included very harsh verbal abuse as well as the use of physical force to control the boy. A parent was classified as punitive for either erratic or consistent use of such techniques. Consistent, nonpunitive discipline identified a parent who used praise, rewards, or reasoning to control the boy. Alternative categories were "inconsistent, non-punitive," "extremely lax, with almost no use of discipline," and "no information." Codes showing the mother's discipline as punitive and as consistent, nonpunitive were considered.
22
The aggressiveness of each parent was rated as "unrestrained" if that parent regularly expressed anger by such activities as shouting abuses, yelling, throwing or breaking things, or hitting people. Alternative classifications were "no indication," "moderately aggressive," or "greatly inhibited." About 10% of the mothers were rated as highly aggressive and 16% of the fathers were so rated. In addition to the ratings of each parent separately, a combined rating identified a boy as exposed or not exposed to at least one highly aggressive parent.
Criminal records for fathers were gathered in 1948, when the fathers averaged fifty-two years in age (S.D.=7.2 years). Criminal records for the sons were collected in 1978, when they averaged fifty years in age (S.D.= 1.6 years). Both fathers and sons were considered criminals if the record showed a conviction for a Type-I Index crime: theft, breaking and entering, assault, murder, rape, attempted murder, or attempted rape.
Forty-nine fathers and 69 sons were criminals. Criminal sons constituted 45% of the 49 biological father-son pairs among which fathers were criminals, and 28% of the biological father-son pairs among which fathers were not criminals. Alternatively, of the 69 sons with criminal records, 32% had criminal fathers; of the 145 noncriminal sons, 18% had criminal fathers, X 
III. RESULTS
Comparison between families in which fathers were criminals and those in which the fathers were not criminals revealed differences that might help to explain antisocial behavior among some sons of criminals. As compared with non-criminal fathers, those who had criminal records were more likely to be alcoholics and to be absent from the homes in which their sons were reared. The criminal fathers were also more likely to be highly aggressive and punitive. Parental conflict was more likely present in their families. Furthermore, the mothers of their sons were more likely to be aggressive (Table 1) .
On the other hand, families of fathers with criminal records were not more likely than families of non-criminal fathers to live in the worst neighborhoods. Nor were their sons reliably less likely to have affectionate, self-confident mothers, to have consistent and nonpunitive discipline, to be supervised or to be subject to normal control (Table 2) .
Collinearity among variables linked with a father's criminality may account for some of the cross-generational concordance in criminal behavior. For example, parental alcoholism and conflict are more prevalent among families in which fathers have been criminals; these variables, rather than paternal criminality, might cause delinquency. Possibly, however, parental alcoholism and conflict may be spuriously linked with delinquency; they are more prevalent among families in which fathers have been criminals, and out them. In this manner, proclivities toward crime that might be transmitted biologically were controlled. Table 3 shows the relationships to criminality of the variables found more frequently in families with criminal than with noncriminal fathers. Except through a relation to paternal criminality, neither paternal alcoholism nor a father's absence reliably increased the probability for the sons to be criminals. The top half of Table 3 compares sons who had criminal fathers. Among them, a majority of fathers of both criminal and non-criminal sons also were alcoholics. Viewed from the alternative perspective, 50% of the 28 sons whose fathers were both alcoholics and criminals had been convicted for Index crimes; 38% of the 21 sons whose fathers were criminals but not alcoholics had been convicted for Index crimes. Parallel differences appeared between sons of the non-criminals: 40% of the sons of alcoholics (N=40) and 25%o of the sons of nonalcoholics (N= 125) were convicted. The relationship between paternal criminality and paternal absence may account for an apparent relationship between paternal absence and criminal behavior. At least in this sample, a slightly higher proportion of non-criminals than of criminals came from homes without fathers. Viewing the proportions from the direction opposite to that shown in Table 3 indicates that sons of criminals who were present in the home were more, rather than less, likely to become criminals: 48% (N=23) versus 42% (N=26) for father being present or absent, respectively. Among the sons of noncriminals, 33% of the 48 sons whose fathers were absent and 27% of the 117 sons whose fathers were present became criminals.
The data suggest that aggressive parental models, however, are criminogenic above and beyond their relationship to paternal criminality. Table 3 shows that approximately three-out-of-four of the criminals who had criminal fathers also had been exposed to parental conflict and aggression. These proportions more than double those found among non-criminal sons of criminals and criminal sons of non-criminals. Computed in the opposite direction, the proportions evidence the degree to which parental conflict and aggressive-ness increased probabilities that sons of criminals and of noncriminals would be criminals. In 27 families with criminal fathers, a considerable amount of parental conflict occurred, and 63% of their sons were convicted for Index crimes. In contrast, a significantly smaller proportion, 23% of sons from criminal but non-conflictful family backgrounds, were convicted, X 2 (1) = 7.933, p < 0.005. In 42 families with non-criminal fathers, a considerable amount of parental conflict also occurred, and 40% of their sons were convicted for Index crimes. In comparison, only 24% from non-conflictful backgrounds had been convicted, X 2 ( 1 ) = 3.977, p < 0.05. In families with criminal fathers, 22 contained at least one parent exhibiting unrestrained aggressiveness. More than two-thirds (73%) of their sons, compared with 22% of the remaining sons of criminal fathers, were convicted for Index crimes, X 2 (I) = 12.499, p < 0.000. Among the 33 sons of non-criminals having a parent who exhibited unrestrained aggressiveness, 45% were convicted for Index crimes; this proportion was reliably greater than the 24% of the remaining sons of non-criminal fathers who were convicted, X 2 (1) = 5.831, p < 0.016. The instigating impact of parental aggressiveness and conflict appears to accumulate. Table 4 shows the criminogenic effects of combining aggressive models with criminogenic heritage. As Table 4 indicates, sons of criminal fathers were more likely to be exposed to socializing conditions conducive to crime. Furthermore, instigating conditions interact with criminogenic heritage in such a way as to increase the potentiality for crime when aggressive parents were in open conflict.
Although criminal fathers were not more likely than non-criminal fathers to live in the worst neighborhoods or to be married to women who showed signs of being poor mothers, effects of neighborhood or family socialization practices might depend on whether the child had inherited conditions that promote criminality. To in-spect the possibility, criminality among sons of criminals and among sons of non-criminals were examined. effect only on sons who had a criminogenic heritage. The relationship can be brought out by examining proportions from the alternative perspective. Fourteen of the families with criminal fathers lived in the worst neighborhoods, and 71%o of the sons in these families were convicted for Index crimes. In comparison, 34%o of the sons of criminals living in better neighborhoods were likewise convicted, X2(1) = 5.576, p < 0.02. Only 30%o of the 53 sons from the worst neighborhoods whose fathers were not criminal were convicted, as were 28%o of the sons of non-criminal fathers reared in better neighborhoods.
Reliably lower proportions of criminals than of non-criminals had mothers who were affectionate or self-confident. Mothers appeared to be particularly influential in determining whether sons of criminal men became criminal. Maternal affection, self-confidence, and consistently nonpunitive discipline or supervision apparently helped to protect their sons from criminogenic influences. These protective effects are brought out through examining the proportions who became criminals from various types of backgrounds.
Among the sons of criminals, for example, there were 22 men who had affectionate mothers. Although only 23% of these were convicted for Index crimes, 63% of the 27 sons of criminals whose mothers were not affectionate were convicted, X'(1) = 7.933, p < 0.005. Differences in crime rates related to maternal affection were less dramatic among sons of non-criminal fathers: 21% of the men with affectionate mothers (N=80) and 35% of the remaining men (N=85) were convicted, X 2 ( 1 ) = 3.990, p < 0.05.
Maternal self-confidence appeared to be an antidote to whatever criminogenic influences were transmitted from father to son. Only 1 of the 13 men who had criminal fathers and self-confident mothers was convicted for an Index crime; that 8% was reliably lower than the 58% who became criminals among the remaining 36 sons of criminals, X 2 ( 1 ) = 9.901, p < 0.002.
Among sons of non-criminals, those whose mothers were selfconfident (N=49) were less likely to be convicted than those whose mothers were not self-confident (N= 116): 16% versus 34%, X 2 ( 1 ) = 5.058, p < 0.03.
Among sons of criminals who had received little direction from their mothers (N=21), 67% became criminals; the proportion was reliably greater than the 29% (N=28) who became criminals despite more directive mothers, X 2 (1) = 7.039, p < 0.008. Differences related to maternal restrictions among sons of non-criminals were not reliable.
The mother's consistent, nonpunitive discipline seemed also to be protective. Although only 13% of the sons of criminals whose mothers used consistent, nonpunitive discipline (N= 15) were convicted for Index crimes, 59% of the remaining sons of criminals (N=34) were convicted, X 2 (1) = 8.706, p < 0.003. On the other hand, 67% of the sons of criminals whose mothers used punitive discipline (N=21) were convicted for Index crimes, although only 29% of the remaining sons of criminal fathers (N=28) were convicted, X 2 l) = 7.039, p < 0.008. Neither comparison among the sons of non-criminals yielded a statistically reliable difference.
Supervision had only a slight effect on sons of criminals. Among sons of non-criminals, however, supervision seemed to be protective. Only 21% of the 99 supervised sons compared with 39% of the 66 unsupervised sons were convicted, X 2 (1) = 6.426, p < 0.02.
Maternal affection, self-confidence, and consistently nonpuni-tive discipline or supervision served as protections against criminogenic influences. The joint effects of these variables were analyzed by defining a scale in which affection, self-confidence, and having either consistently nonpunitive discipline (among sons of criminals) or supervision (among sons of non-criminals) were given equal weights. Table 6 shows the cumulative impact of protective factors. Stepwise discriminant analyses indicated that instigating and protective factors contributed to criminal rates among sons both with and without heritable risk for criminality. The instigating and protective measures were more discriminating among the sons of criminals, accounting for only 9% of the variance among sons of non-criminals but accounting for 37.8% of the variance among sons of criminals (Table 7) . Pairs of discriminant functions were built from the two scales representing protective and instigating conditions. These functions maximized discrimination between criminal and non-criminal sons. The functions correctly identified 18 of the 22 criminals (82%) and 21 of the 27 non-criminals (78%) whose fathers were criminals, together correctly discriminating 79.5% of the sons of criminals. Among the sons of non-criminals, the functions correctly identified 26 of the 47 criminals (55%) and 82 of the 118 non-criminals (69%), together correctly identifying 65% of the sons of noncriminals. Knowledge about socialization practices clearly provided more accurate classification than would have knowledge of biological risk alone.
IV.
SUMMARY AND DISCUSSION A century ago, Havelock Ellis reminded his readers of two factors in criminal heredity: "There is the element of innate disposition, and there is the element of contagion from social environment .... Frequently the one element alone, whether the heredity or the contagion, is not sufficient to determine the child in the direction of crime." 2 3
Nevertheless, during most of the twentieth century, social scientists have spent their energies disputing the case for nature or nurture, thus making little progress toward understanding how the interactions influence behavior. This study attempted to focus attention on how environmental conditions affect those who inherit different biologically-based predispositions toward crime.
This study controlled for unknown factors that can be attributed to heritage. Admittedly, the control was incomplete, because no convincing evidence exists that all criminals are criminals through heritable characteristics. By comparing effects of socialization among sons of men who were and who were not criminals, however, heritable qualities related to crime were included in the analyses.
To gain understanding of the processes accounting for intergenerational transmission of aggression, families in which fathers had been convicted for serious crimes were compared with families in which the fathers were not known to be criminals. This comparison suggests that criminal fathers had a greater likelihood of being alcoholic, aggressive, punitive, and absent. They were also more likely than their non-criminal counterparts to be in conflict with probably aggressive wives.
On the other hand, sons of criminals were not more likely than their peers to live in the worst neighborhoods, to be rejected or sub-jectid to maternal punitiveness, or to be deprived of competent maternal guidance.
Socialization variables fell into two sets. One set promoted crime. These "instigating conditions" were more common in families of criminal fathers than in families of non-criminal fathers. The set included parental conflict and aggression.
The second set was found with approximately equal frequency among families of both criminal and non-criminal fathers. These variables described socialization practices that seemed to reduce the likelihood of crime. The protective factors included having a selfconfident mother and maternal affection. Effects of discipline as protection against criminogenic influences depended on whether the family was at genetic risk for criminality. In families having criminal fathers, nonpunitive and consistent discipline had beneficial effects. Although discipline made little difference in families without criminal fathers, supervision seemed beneficial. One may view these differences as indicating that genetically related potentialities require "fertilizer" to develop into antisocial behavior-fertilizer not available when parents provide the protections of affection and clearly specified directives.
Outcome of genetic risk depended on accompanying instigating conditions. That is, unless there was parental conflict and at least one aggressive parent, sons of criminals were not more likely to become criminals than were sons of non-criminals.
To examine joint effects of instigating and protecting factors, the scales measuring these influences were divided as close to the mean as possible. Crime rates within categories also were computed. Table 8 shows the results.
A categorical analysis of variance 24 evaluating the impact of paternal criminality, instigating conditions, protective factors, and their interactions indicated that each main effect was significant, and that the interaction between instigation and protection was also significant. None of the interactions with paternal criminality was significant, though the distributions show that heritable risk covaried with high instigating and low protective conditions. Alternative explanations may account for these results. An emphasis on the social interpretation could call upon studies showing that children imitate aggression. 25 An emphasis on the biological interpretation might suggest that parental aggressiveness signifies particularly strong genetic loading on criminogenic factors. Rather than try to decide which is more cogent, it is worth noting that biological potentialities must provide necessary conditions for crime. These conditions may well vary according to dimensions of criminal acts, some requiring speed and some requiring brawn, for example. Beyond these essentials, the present study indicates that biological conditions may promote or retard criminal behavior. Perhaps more importantly, the data suggest that socialization practices have a considerable effect on how the biological potentialities develop into antisocial behavior.
Evidence from the present study indicates that the protective nature of maternal warmth and competence are particularly salient in reducing genetically transmitted characteristics that promote antisocial behavior. This discovery leads to a tentative conclusion that intervention techniques designed to develop competence among parents may be particularly effective when the targets are children at high genetic risk.
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